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bFixed Prosthodontic Dep., Faculty of Dentistry, Tanta University, EgyptAbstractPurpose: High-strength ceramic materials can be used to fabricate esthetic and stable implant-supported single-tooth abutment.
Study compared in vitro the fracture resistance of individual components of single-tooth implant-supported all-ceramic restorative
systems after artificial aging and analyzing mode of failure using scanning electron microscope.
Materials and methods: Forty-eight analogues represent maxillary first premolar. The implants were divided, according to the type
of abutments used into three groups (of 16 specimens each): Group A: Ti titanium abutments; Group B: Al2O3 alumina abutments;
Group C: ZrO2 zirconia abutments. IPS Impress crown was fabricated and cemented to abutments by resin cement (Rely X ARC)
and artificially aged through dynamic loading (2400000 cycles) and thermal cycling (600 cycles). Afterwards, all specimens were
tested for fracture resistance using compressive load and scanned by electron microscope. The results were statistically analyzed
with one way ANOVA and t-test.
Results: All test specimens survived the artificial aging process using simulated oral conditions. No screw loosening was recorded.
The median fracture resistance was 844.52  12.26N, 494.92  8.99N and 795.56  6.22N for groups Ti, Al2O3, and ZrO2,
respectively. Significant differences were found for the fracture resistance comparisons of Ti and ZrO2 groups with Al2O3 one. Also
significant differences were found between Ti and ZrO2 group.
Conclusion: All types of implant-supported restorations tested have the potential to withstand physiologic occlusal forces applied
in the premolar region (450N). Unfavorable fracture occurred in eight Al2O3 specimens indicated unfavorable behavior of this
material after aging.
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Implant-supported restorations commonly have
several advantages such as good esthetic, improved
phonetics, increased stability and retention; in addition it
reduced bone resorption especially around implant [1].
Success of implant doesn’t depend only on a successful
osseointegration and an implant’s functional load-bearing
capacity, but alsoon theharmonious integrationof a crown
into the dental arch. For highly esthetic anterior locationsthe Faculty of Dentistry, Tanta University.
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line, implant-supported single-tooth restorations are sub-
jected to the most exacting requirements, including
optimal implant and superstructure positioning [2].
Dental implants and abutments are usually fabri-
cated from commercially pure titanium because of its
well-documented biocompatibility and mechanical
properties [3].
Despite the numerous improvements in the fabrica-
tion and design of metal abutments, still there is a risk of
the metal components being visible when such abut-
ments are used. Even when placed subgingivally, a dull
gray background may give the soft tissue an unnatural
bluish appearance especially under all ceramic crowns.
The presence of a gray gingival discoloration may be
attributed to a thin gingival tissue thickness in the area
around the abutment that is incapable of blocking
reflective light from the metal abutment surface [4].
Hence, for achieving optimal mucogingival esthetics;
ceramic abutments were developed. Currently, ceramic
abutments are fabricated out of two high-strength ceramic
materials: a densely sintered high-purity alumina ceramic
(Al2O3) and a zirconia ceramic (ZrO2) [5]. Bothmaterials
have improved optical and mechanical properties and
demonstrated differences in their microstructure and
mechanism against flaw propagation [6].
Another step toward perfecting the overall esthetic
outcome was taken with the development of the cus-
tomizable CerAdapt-abutment [7]. The abutment was
made of pure, highly sintered aluminum oxide and
demonstrated significantly improved resistance com-
pared to previous abutments [8]. It was indicated for
the fabrication of implant-supported single crowns and
short span fixed partial dentures in both anterior and
premolar regions [9].
Today, the majority of implant manufacturers offer
ceramic abutments. The abutments are available in pre-
fabricated or customizable forms and can be prepared
in the dental laboratory either by the technician or by
utilizing computer-aided design ⁄ computer-aided
manufacturing techniques [10].
Thematerials of preference are densely sintered high-
purity alumina (Al2O3) ceramic and yttria (Y2O3) -sta-
bilized tetragonal zirconia poly-crystal ceramics [11].
These high-strength ceramics have improved me-
chanical properties. Alumina ceramic has a flexural
strength of400MPa, a fracture toughness valuebetween 5
and 6 MPa/m0.5, and a modulus of elasticity of 350 GPa
[12]. The yttria stabilized zirconia ceramic has twice the
flexural strength of alumina ceramic (900e1400 MPa), a
fracture toughness of up to 10MPa ⁄ m0.5, and a modulus
of elasticity value of 210 GPa [13].From the previous we find that the titanium has good
mechanical properties and biocompatible for dental
implant (fixture and abutment), but has some esthetic
problem (when uses as abutment) especially in anterior
region, so that ceramic abutments use to overcome this
problem. Before performing in vivo studies or applying
these materials for clinical use, in vitro tests should be
undertaken to prove materials’ applicability and per-
formance. These tests can be performed in a short period
and have the advantages of reproducibility and the
possibility of standardizing test parameters [5].
Thus it was the aim of this study to compare in vitro
the fracture resistance of individual component of single-
tooth implant supported all ceramic restorative system.
2. Materials & methods
Forty-eight analogues (resembling implant) with a
diameter of 4 mm and length of 13 mm represent missed
root of upper first premolar were used in this study. The
implants were divided, according to the type of abut-
ments used into three groups (of 16 specimens each):
e Group I: titanium abutments.
e Group II: readymade zirconia abutments (ZrO2).
e Group III: readymade alumina abutments (Al2O3).
All abutments (Ti, ZrO2 & Al2O3) had standard
measurements: a deep chamfer finish line of 1 mm
depth and a total height of 6 mm & 4 mm diameter.
Glass infiltrated ceramic crown system was used
(IPS e-max press). Each abutment was fixed in its
analogues through titanium screw by screw driver
(Fig. 1). Then die spacer was applied on any abutment
(e.g. titanium abutment), then the first core of IPs e-
max crown was fabricated according to manufacture
guidelines.
Afterwards, specimens were embedded in special
specimen holders using an auto polymerizing acrylic
resin vertically to the horizontal plane to simulate
clinical conditions using Surveyor. The IPs core was
duplicated to ensure standardization of the crown and
decrease standard deviation of results. The opening of
the abutment was obstructed with sticky wax, and then
the core was placed on the abutment and carefully
adjusted. The separating medium was applied to the
core and wax impression was taken. Wax pattern with
negative replica of the core was divided into two halves
by nylon thread and then clipped the top of the party by
stone bur to be allowed to put the nail in the metal after
casting (clipping must be as far as possible from
replica of the core) (Fig. 2).
Fig. 1. Titanium, Zirconia and Alumina abutment after fixation of
their analogue.
1 Model LRX-plus; Lloyd Instruments Ltd., Fareham, UK.
2 Nexygen-MT; Lloyd Instruments.
3 SPI-Modules Vac/Sputter Coater.
4 JEOL-JSM-5200LV Japan.
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sprued, invested, burned out at 250 Cand cast at 1250 C.
Metal form was finished, polished and both halves
of metal form were repositioned and secured by screws
and nuts to give Slip Counter model (Fig. 3).
Separating medium was applied to internal surface
of slip counter model and metal abutment. Wax was
softened and filled to the internal surface of slip
counter model, then metal abutment was entered to the
internal surface of slip counter model (where the head
of the screw was directed buccally while nuts was
directed palatally). After wax was cooled to room
temperature, abutment was removed and screws were
opened by a screw driver and the wax pattern was
removed. Final steps were repeated to achieve identical
wax patterns of the core. Finally, wax patterns were
treated to get identical IPS cores (Fig. 4).
Master (first made) IPs veneer was fabricated ac-
cording to manufacture guidelines, and then duplicated
in the same manner of the core (by Slip-Counter model).
To cement the crowns, the internal surface was
etched with 4.5% hydrofluoric acid for 60 s, carefullycleaned with water spray and dried by air for 30 s.
Then, silane was applied to pretreated ceramic surface.
Al2O3, ZrO2, and Ti abutments were sandblasted for
60 s. Rely-X ARC was mixed then applied to the fitting
surface of crown and cemented to abutment. Excess
luting agent was removed. Polymerization was ach-
ieved for 90 s on each surface (Fig. 5).
Specimens were stored in bottle filled with distilled
water for 24 h before application of thermal and me-
chanical loading.
Thermo cycling was done for 600 cycles from 5 C
to 55 C with 2 min dwell time, 10 s transfer time.
Then the crown of specimen was covered with load
stamp and subjected to maximum vertical load of
10 kg with cyclic frequency of 1.7 Hz for 240.000
cycles (Fig. 6) which correspond to 12 months of
clinical service.
All samples were individually & vertically mounted
on a computer controlled materials testing machine1
with a load cell of 5 KN and data were recorded
using computer software.2 The samples were secured
to the lower fixed compartment of the machine by
tightening screws. Load was applied with a custom
made load applicator (A steel rod with round tip
3.6 mm diameter) attached to the upper movable
compartment of the machine to contact the inclined
planes of cusps. Tin foil sheet was placed between the
loading tip and the occlusal surface of crown samples
to achieve an even stress distribution and minimization
of the transmission of local force peaks. Samples were
statically compressed until fracture occurs at a cross-
head speed of 1 mm/min. The failure was manifested
by sudden drop along the load-deflection curves which
were recorded with computer software (Fig. 7).
Fractured crown were coated with gold coating3
which made as conductor for electron beam. Then,
specimens were scanned by electron microscope4 35
and 1000 times magnifications to evaluate failure mode.
Data analysis was performed in several steps.
Initially, descriptive statistics of fracture resistance test
results for all groups including minimum, maximum,
mean, standard deviation, and standard error. Com-
parison of fracture resistance results for all groups was
done by ANOVA test. Student t-test was done to detect
significance between paired groups. Statistical analysis
was performed using Graphpad Prism-4 statistics
software for Windows at a level of P values 0.05.
Fig. 2. Division of the wax with nylon thread and clipping by stone burs.
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All tested specimens survived 240.000 cycles in
Dynamic Loading Machine and 600 thermal cycles. No
screw loosening was recorded. The lowest fracture
resistance value after oral simulation and application of
the load to fracture testing was observed in Al2O3
group 484.8N, whereas the highest value was observed
in Ti group 866.5N.
Descriptive statistics of fracture resistance test re-
sults for all groups are presented in Table 1 and Fig. 8.
It was found that Ti group recorded the highest
fracture load mean value (844.52  12.26) followed byFig. 3. Slip-CounZrO2 group (795.56  6.22) while Al2O3 group recor-
ded the lowest fracture loadmeanvalue (494.92 8.99).
The differences between fracture resistance mean
values for all groups (Ti, ZrO2 and Al2O3) were sta-
tistically significant (F ¼ 3983.0; p < 0.05).
3.1. Ti vs. Al2O3
It was found that Ti group recorded higher fracture
load mean value (844.52  12.26) than Al2O3 group
(494.92  8.99). The t-test analysis showed statisti-
cally significant differences between Ti and Al2O3
groups (t ¼ 72.71; P < 0.05) (Fig. 9).ter model.
Fig. 4. Identical wax patterns.
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fracture load mean value (844.52  12.26) than ZrO2
group (795.56  6.22). The t-test analysis showed
statistically significant differences between Ti and
ZrO2 groups (t ¼ 11.26; P < 0.05) (Fig. 10).
However, ZrO2 group recorded higher fracture load
mean value (795.56  6.22) than Al2O3 group
(494.92  8.99). The t-test analysis showed statisti-
cally significant differences between ZrO2 and Al2O3
groups (t ¼ 86.92; P < 0.05) (Fig. 11).
In current study eight of Al2O3 abutments were
fractured under static load while all Ti and ZrO2
abutments survived after fracture load test.Fig. 6. Thermal cycling a
Fig. 5. CementatioSo that, fractured specimens can be classified ac-
cording to fractured component into:
1) Favorable fracture: the fracture occurred only in
the crown (all Ti and ZrO2 specimens) (Fig. 12).
2) Unfavorable fracture: the fracture occurred in the
crown and abutments (in eight Al2O3 specimens)
(Fig. 13).
Favorable fracture indicated good mechanical
properties of the material used in the abutments.
Nevertheless, unfavorable fracture indicated that the
material used in the manufacturing of abutments had
reasonable mechanical properties.
3.2. SEM analysis results
With the magnification of 35 SEM the distortions in
the crowns of all groups occurred in veneering and
coping. In addition, no difference in fracture mode of
the crown in all specimens was recorded (Fig. 14).
At magnification of 1000 IPS e-max crown showed
highly interlocked lithium disilicate crystals 5 mm innd dynamic loading
n of crown.
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Fig. 8. A column chart of fracture resistancemeanvalues for all groups.
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Fig. 7. Measurement of fracture resistance under testing machine.
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while fractured surface of Al2O3 abutment showed its
grain structure 3.9 g/cm3 density, 2.5 mm particle size
and 5% vol porosity (Fig. 15).
4. Discussion
The enhanced strength can be also explained by
microstructural differences: Y2O3-partially-stabilized
ZrO2 ceramic has a higher density (6 g/cm
3) and a
smaller particle size (0.4 mm) than Al2O3 ceramic
(3.9 g/cm3 density and 2.5 mm particle size) [14].
The metastable tetragonal crystalline structure at
room temperature is considered the main reason for the
superior fracture strength of ZrO2 ceramic [15]. This
structure represents an efficient mechanism against
flaw propagation and has a strong impact against
subcritical crack growth [16].
However, in the current study zirconia abutment did
not show twice fracture resistance of alumina which
might be due to: ZrO2 ceramic exhibits 1 to 10 lower
thermal conductivity than Al2O3 ceramic. Therefore,
temperature peaks can alter the metastable tetragonal
crystalline phase of partially stabilized ZrO2 ceramic
(the transformation from tetragonal to monoclinic is
completed by a volume increase of approximately
3%e5%. These volume changes will lead to very high
inner structure tensions and component fracture).
Therefore, these abutments should be more endangeredTable 1
Descriptive statistics of fracture resistance results for all groups.
Ti ZrO2 Al2O3
Maximum 866.4613 805.13692 510.79951
Minimum 830.2693 785.755521 484.7978612
Mean 844.52 795.56 494.92
Std. Deviation 12.26 6.22 8.99
Std. Error 3.88 1.97 2.84than Al2O3-ceramic abutments by heat producing sur-
face treatments, which produce high temperature spots
because of the very slow heat dissipation and there is
controversy over whether this would lead to a reduc-
tion in the fracture resistance of the material [17].
In addition, zirconia is sensitive to changes in hu-
midity and temperature. Long-term exposure of zir-
conia ceramics to humidity and thermal cycling leads
to a slow, low-temperature degradation of the material
that might not become significant before several years
have passed [11].
Eight Al2O3 ceramic abutments were fractured with
their crowns by static load machine during this study
(unfavorable fractured).This lead to increase fracture load
of Al2O3 ceramic abutments (load required to fracture
crown and abutment more than that of crown only) [5].
Fracture of crowns started at the interface between
copings and veneering layer, such a phenomenon can
be explained by the different coefficient of thermal
expansion between coping and veneering layer. Coef-
ficient of thermal expansion (CTE) of veneering
(18  106/K) is higher than that of coping844.52
494.92
0
100
200
300
400
500
3O2lAiT
Fig. 9. A column chart of fracture resistance mean values for Ti and
Al2O3 groups.
Fig. 12. Favorable fracture (fracture of crown only).
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Fig. 10. A column chart of fracture resistance mean values for Ti and
ZrO2 groups.
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process, the veneering is subjected to a more evident
shrinkage than coping which leads to stress concen-
tration at this area and considered as weak component
in the ceramic restoration [18].
Unfavorable fracture (fracture of the crown and
abutment in eight Al2O3 specimens) observed in cur-
rent study was occurred due to: Flexural strength of
Al2O3 abutment (450 MPa) which is approximately
near to that of IPS empress crown (400 MPa) [19].
In addition, Al2O3 ceramic abutments are brittle
material, so that any flaws or cracks may arise natu-
rally in a material or after aging leading to weak ma-
terial, and, as a result, sudden fractures can arise at
stresses below the yield stress [20].
Favorable fracture (in all Ti and ZrO2 abutments)
occurred due to superior mechanical properties of Ti
and ZrO2 than Al2O3 (fracture resistance of Ti is
1400 MPa, 950 MPa for ZrO2 while it is 450 MPa for
Al2O3) [21].
In addition, Ti has good thermal conductivity, so that
Ti wasn’t affected by thermal aging than ZrO2 andAl2O3795.56
494.92
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3O2lA2OrZ
Fig. 11. A column chart of fracture resistance means values for
Al2O3 and ZrO2 groups.and subsequent force needed for fracture Ti abutments is
higher than that for ZrO2 and Al2O3 abutments [22].
Ti has good ductility, malleability, surface hardness
and high bond strength between its crystals, so cracks
or flaws (weakening point) didn’t occur on its surface
after aging [23].Fig. 13. Unfavorable fracture (fracture of crown and abutment) in
Al2O3 group.
Fig. 14. SEM scanning at 35 times magnification showing the fracture of IPS crown in Al2O3, ZrO2, and Ti specimens respectively.
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crowns and abutments occurred inter crystals not
through the crystals because the force needed to break
inter crystal bond is much less than that required to
break the crystals [24].
The fractured surface of IPS e-max crown under
electron microscope showed highly interlocked
lithium disilicate crystals, 5 mm in length, and
0.8 mm in diameter. This interlocked microstructure
and layered crystals contribute to the strength. SoFig. 15. SEM scanning at 1000 times magnification of IPthat the crack propagation was easy along the
cleavage planes, but more difficult across the planes
[25].
The fracture surface of alumina abutment under
electron microscope showed dense alumina with
distinct grains and rough fracture surface. The dense
crystals are contributed to strengthening alumina due
to decrease matrix content and shortened inter crystals
bond length. So that, the fracture occurred through this
small bond [26].S crown and Al2O3 abutments surfaces respectively.
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1. All types of implant-supported restorations tested
have the potential to withstand physiologic
occlusal forces applied in the premolar region
(450N).
2. Al2O3 specimens indicated unfavorable behavior
of this material after aging.
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